I. INTRODUCTION
We would like to comment on the recent paper by Kohn and Smirnov. 1 In their paper Kohn and Smirnov use the methods of Heitler, 2 Harris, 3 and Hoy 4 to obtain the same solution as already given by Kagan et al. 5 to describe nuclear-resonant forward scattering of synchrotron radiation. We do not quarrel with their derivation of the so-called semiclassical optical model ͑SCOM͒ result. One can say, a priori, that their result is correct since Harris 3 did exactly the same thing, using the Heitler approach to obtain the semiclassical optical model solution for the radioactive source case that Hamermesh and co-workers 6 had already obtained. Our concern has to do with the comparison Kohn and Smirnov make of the semiclassical optical model with the coherent-path model ͑CPM͒. We will show that the majority of their statements on this subject are not true.
II. TWO MODELS
The two models in question are the semiclassical optical model 1 and the coherent-path model. 7 To simplify the comparison, we confine our attention to the case where there is just one resonance transition in the resonant sample having frequency j .
A. SCOM
In the SCOM the amplitude for finding a resonant photon of frequency j at the detector, at time t after the synchrotron radiation pulse, and after passing through a sample of thickness d is given by
J 1 is the Bessel function of first order and the nuclearresonant thickness parameter is given by ␤ = N 0 0 fd. Here N 0 is the number of resonant nuclei per cm 3 , 0 is the maximum cross section evaluated on resonance, f is the recoilfree fraction, is the isotopic enrichment of the sample, and d is the thickness of the sample. The mean lifetime of the first excited nuclear level is = ប ⌫ , where ⌫ is the energy full width of the first excited nuclear level.
B. CPM
The corresponding equation for the CPM ͑Ref. 7͒ is
͑2͒
In Eq. ͑2͒ N is the number of effective resonant nuclei in the one-dimensional chain representing the sample or equivalently one could say the number of stacked "effective" nuclear resonant planes in the sample. The factor ␥ R is the radiative width of the first excited nuclear level and ͑ N n+1 ͒ is a binomial coefficient. Thus in the SCOM there is the nuclear-resonant thickness parameter ␤ while in the CPM there is simply the parameter N. The relationship between the two parameters is
is very unusual because the left-hand side must always be an integer, while the right-hand side is certainly not, in general, an integer. The procedure for applying Eq. ͑2͒ to an actual experimental result is to evaluate the righthand side of Eq. ͑3͒ for the sample under study and then to pick N as the nearest integer.
III. COMPARISON OF THE TWO MODELS
Before investigating the two models in detail, we will show calculations for a rather thick sample. This will bring out the essential features contained in the experimental results. For all of our calculations we will use the famous Mössbauer transition in 57 Fe and calculate the timedependent intensity of the radiation reaching the detector. Of course the intensity is the absolute value squared of the amplitude. These results are shown in Fig. 1 . Figure 1 provides the opportunity to describe the known essential features of the experimental results. These well-known features go by the names the "speedup" and "dynamical beat" effects. The speedup effect is shown in the upper portion of Fig. 1 . Compare the ordinary lifetime curve with the model results. It is clear that the exponential decay rate for the thick sample is much faster than the normal lifetime. The dynamical beat effect is shown in the lower portion of Fig. 1 . Notice the local maximum at a time greater than t = 0. This is the dynamical beat. The origin of these effects is easily seen in the CPM as arising from the interference between the amplitudes of the various "paths." As remarked above, these effects have been verified experimentally. Notice further that, for this relatively thick sample, the two models give very similar results.
Now we consider the numerical comparison of the two models in some details. Kohn One sees that for thin samples, there is a range of thickness that gives essentially the same result. Thus in principle, there could be differences for small thickness but the differences would be difficult to observe. If such differences are important, time consuming experiments could be performed. This is particularly true for times up to the natural lifetime of 141 ns. As time increases the curves continue to diverge from each other. In an actual experiment it is very time consuming to obtain data at very late times where the counting rate is very low. Thus the conclusion is, for thin samples, both models will give essentially the same results and will agree equally well with the experimental data. Any difference between the two models can only be observed by performing very time consuming experiments. Kohn and Smirnov 1 go on to say that they can show that the difference between the two models goes to zero as N → ϱ. In fact this issue is a bit tricky. In the first place there is essential agreement between the two theories for all thicknesses ͑see as N goes to infinity, the intensity must go to zero, so in some sense the two theories must approach each other. The problem is to get perfect agreement for all times. In fact, what happens in the limit is that the disagreement occurs, in time, at the locations of the dynamical beat maxima and since the total intensity is very small the actual difference is very, very small ͑see Fig. 6͒ .
One final numerical remark is in order. One may ask quite legitimately, due to the integer value of N in the CPM, are there some samples' thicknesses that cannot be treated accurately using the CPM. Calculations show that, for all values of sample thickness, there is a difference in the two models of about 2% at time t = 100 ns. This difference increases to about 4% at time t = 200 ns. For all other cases, in between those shown and over larger time ranges, exactly the same trends continue as given by those shown in the figures presented.
IV. SUMMARY AND CONCLUSIONS
The two models, namely, the coherent-path model and the semiclassical optical model can be expected to fit any experimental data concerning the time-dependent nuclear-resonant forward scattering of gamma radiation, through a resonant sample, excited by a pulsed synchrotron radiation source. Thus, if such experiments are used to obtain the nuclear parameters, both models will provide the same results. Both models show the essential features of the speedup effect, dynamical beats, and "quantum beats" when there is more than one resonant transition. It is interesting to note that the two models are of a completely different sort. The SCOM considers the nuclear-resonant sample as a continuum. The CPM treats the resonant sample as a one-dimensional chain of effective resonant nuclei. The CPM solution is in the form of a finite series for all sample thickness. Also, note that all terms in the finite series must be evaluated. The SCOM is in the form of the J 1 Bessel function. The concept of multiple scattering is completely different in the two models due to the different initial assumptions built into the models. Note also that the initial assumptions for each model are approximations to strict reality. In that regard it is worth noting the fundamental and more complete research done by Hannon and Trammell. 8 It is possible that experiments could be done to determine which one of the two models gives a better fit to the data. We have no basis to presume that the coherent-path model would fit the data better than the semiclassical optical model. Moreover, it appears that such an experiment would be quite time consuming in order to obtain sufficient statistics. Since the two models give essentially the same numerical results, the value of the coherent-path model is due to the physical insight gained. It should also be noted that the CPM results 4 for the radioactive source case also agree with the SCOM results 6 due to Hamermesh. Finally, one may wonder why the one-dimensional model, i.e., the CPM, provides a good description for the threedimensional case. There are a number of factors from the theory of x-ray diffraction that may be helpful. Consider the well-known text by James. 9 When the frequency of the incident radiation is comparable to the resonant frequency of the oscillating dipoles, the scattering factor will be imaginary. The imaginary part of the scattering factor denotes a component of the scattering by the dipole; the phase of which lags / 2 behind the primary wave. Now we quote directly from James. "We have seen that the dipoles lying in any thin sheet parallel to the primary wave front produce a resultant wave whose phase is retarded / 2 behind that of the waves scattered by the individual dipoles in the sheet. If this phase already lags / 2 behind that of the primary wave, the retardation of the resultant scattered wave will be , so that it opposes the primary wave." James goes on to say that this represents absorption. This analysis follows exactly the form of the coherent-path model.
